Project # 3 — 332: 406 Control System Design
Optimal Control and Kalman Filtering for a Passenger Car

Projectdue ThursdayApril 1, 2004

A mathematicaimodel of a passengecar is given by (Salman,Lee, Boustany,GeneralMotors Research_abs,
Transactions of ASME J. on Dynamics Measurements, and Control, 604—610,1990)

£(t) = Ax(t) + Bu(t)
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a) Using MATLAB examinecontrollability and observabilityof this control system.

b) By following presentatiorin Section10.3.1(GL96) andusingMATLAB (seeExamplel0.2)find theoptimal
feedbackgain suchthat a quadraticperformancecriterion with
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is minimized. Find the optimal value of the performancecriterion as definedin (10.34, GL96) assumingthat the
initial stateis givenby x(¢g) =1 1 1 1 1 1 1 1]T. Determinethe closed-loopsystemeigenvalues.

c) Design an observerfor this car with the observerpoles (eigenvalues)being much faster than the
system optimal closed-looppoles obtainedin part (b). In that direction, for the desired observereigenval-
ues find the observergain through the pole placementtechniqueby using the MATLAB function pl ace as
KT=pl ace(A ,C , evdesired); K=KT .

d1) Use SIMULINK and build the block diagramfor the system-observeconfigurationusing the numerical
valuespreviouslyobtained.Plot the differencebetweerthe systemandobservenutputs. Hint: Handouton observer
implementatiorusing SIMULINK (seealso pages21-22of the Observerdile postedon the classhomepage).

d2) Use SIMULINK and build the block diagramfor the system-reduced-order-obsenemfiguration. Plot
the differencebetweenthe systemand observeroutputs. Hint: Seepages39-40of the Observerdile postedon
the classhomepage.

€) Assumethatthe cardynamicequationandits measurementarecorruptedoy Gaussiamwhite noisestochastic
processegunevennessf the road disturbancesyhoseintensitiesare W = 0.002351,, V = 0.114, wherel, and
1, areidentity matricesof correspondinglimensions. Also assumethat the systemnoise matrix is equalto the
systeminput matrix (G = B), thatis

Ri=CTC, Ry,= [

2(t) = Az(t) + Bu(t) + Buw(t)
y(t) = Cz(t) + v(t)
Designthe correspondingKalman filter. Find the variancematrix of the estimationerror by solving the filter

algebraicRiccati equation. From the result obtainedreadthe estimationerrorsfor the car’s front and rear wheel
velocities, respectivelyrepresentedhe statevariableszs andzs. SeeExample10.3 (GL96).
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